The regression equations must be solved using inch-pound units of measurements. INTRODUCTION A knowledge of flood characteristics is an essential tool for designing culverts, bridges, and drainage systems; for planning use of floodprone lands; and for establishing flood insurance rates.
Only through reliable estimates of the magnitude of flooding and the related frequency of occurrence is it possible to obtain economically optimum designs, to prepare realistic zoning ordinances, or to establish equitable flood insurance rates.
This report presents equations for calculating the magnitude and frequency of floods on streams in South Carolina.
These equations should be up-dated when deemed necessary upon collection of additional data, new techniques developed, and so forth.
The eauations were defined by a regression analysis of basin characteristics and flood records for 74 stations with data through 1975.
Flood records for 25 small stream stations were synthesized whereas 49 stations had long-term records.
The equations defined in this report apply only to streams (drainage area from 1-500 mi^ where flood flows are virtually natural and whose watershed characteristics are within the range of values used in the regression analyses.
A previous report by Speer and Gamble (1964) presented floodestimating techniques.
However/ no data were available for floods on streams with drainage areas less than 45 mi^ in South Carolina for that report.
COOPERATION
The report was prepared as a part of the cooperative highway research program with the South Carolina Department of Highways and Public Transportation and the U.S. Department of Transportation, Federal Highway Administration.
The opinions, findings, and conclusions expressed in this report do not necessarily reflect the official views or policies of these agencies.
HYDROLOGIC DEFINITIONS
Hydrologic terms and concepts used in this report are:
1. Continuous-record gaging station. A site on a stream where stagedischarge data are obtained continuously over a period of time.
2. Crest-stage partial-record gaging station. A site on a stream where only flood peak data are collected systematically over a period of years.
3. Dual-digital gaging station. A site on a stream equipped with two recorders to measure the stage and the rainfall associated with a flood event.
4. Water year. The 12-month period from October 1 through September 30, designated by the calendar year in which it ends.
5. Recurrence interval. The average interval of time, in years, within which the given flood event is expected to be exceeded once. The reciprocal of the recurrence interval is the probability of occurrence during any one year.
(A 50-year flood, Q^Q, has a 2 percent chance of being exceeded in any given year.)
Recurrence intervals imply no regularity of occurrence; a 50-year flood event might be exceeded in consecutive years, or it might not be exceeded in a period many times 50 years in length.
6. Flood-frequency curve. A graphic relationship between recurrence interval and flood magnitude. 7. Multiple regression. A statistical technique for defining the relationship between a dependent variable and two or more independent variables. In this report the dependent variable is the flow characteristic (flood discharge of a given frequency)/ and the independent variables are basin characteristics, such as drainage area and slope.
8. Standard error of estimate (Se). A range of error such that the value estimated by the regression equation is within this range at about two out of three sites and is within twice the range at about 19 out of 20 sites (Thomas and Benson, 1970, p. 27 ).
9. Skew coefficient. One of the measures of the distortion of the data from a normal distribution about the mean.
SYNTHESIZED FLOOD RECORDS
A program was initiated in 1967 to gain knowledge about the magnitude â nd frequency of floods on small streams (drainage area 1-50 mi^) in order to define estimates of flood peaks to aid in the design of highway drainage structures.
Many techniques have been proposed for estimating the magnitude and frequency of floods and the most reliable are based upon an assessment of long-term records of observed floods.
Because there were no long-term records on small streams, an alternative was to synthesize long-term flood records with a rainfall-runoff model using long-term rainfall records.
The rainfall-runoff model used in this study was developed by the Geological Survey (Dawdy, Lichty, and Bergmann, 1972) specifically for the purpose of modeling flood-runoff hydrographs from small watersheds.
Primary characteristics of this model are that it employs a deterministic structure-imitating process.
Ten parameter values must be evaluated to calibrate the model to any specific drainage site.
The model parameters are determined by an optimization technique, which is the best fit of the synthesized peak (or runoff volume) to the observed peak (or runoff volume) . The observed rainfall is used as input along with the optimized parameter values to generate the synthesized flood peaks (or runoff).
After calibration, a synthetic flood record for each small stream station was computed by using one or more of the following National Weather Service first-order precipitation stations.
Station name
Period of record Committee (1967 Committee ( , 1981 , the log-Pearson Type III method was used to develop frequency curves from the flood records.
There were 34 gaging stations in South Carolina in 1975 on nonregulated streams with records longer than 25 years in length.
The mean logarithmic skew coefficient for these stations was 0.135 and varied from -1.04 to +1.03.
Since there was no recognizable skew pattern across the State, the decision was made to use the generalized skew coefficients of Hardison (1974) .
The assigned skews varied in South Carolina from 0.1 to 0.5 from west to east generally along the longitudinal axis.
Frequency curves were developed by applying the log-Pearson method with an assigned skew coefficient to the annual peaks for each station with real or synthesized records.
The location of the stations with the variations in skew and the physiographic provinces within the State are shown in figure 1.
The reliability of frequency curves is related to the number of years of available record.
The minimum years of record used to define floods at the selected recurrence intervals for gaged sites used in this study are: The above criteria applies to data listed in table 1. However, in the regression analysis short-record data was extended to include the 100-year flood.
FLOOD-FREQUENCY EQUATIONS
A multiple-regression analysis was employed using data from stations in each province, which also included nearby stations in Georgia and North Carolina, to define the significant relations in estimating flood characteristics at ungaged sites in that province.
Independent variables used in the analysis were drainage area, slope, length, precipitation intensity, and soils index.
Drainage area, slope, and length are listed in tables 1 and 2.
Drainage area explained 85 to 90 percent of the variation of the dependent variable, while the other independent variables were not significant (at the 5 percent level of significance). For ungaged streams in the Piedmont province, peak discharge can be estimated using the following equations: A is the drainage area of the watershed in square miles, as planimetered from the best topographic map or aerial photograph available; example, U.S. Geological Survey topographic maps at scale of 1:24000.
For streams that cross from one province into another, the user may estimate the flood discharge by weighting results applicable to each province.
Example.
Compute the 50-year flood (QSQ) for a stream whose drainage area is 25 mi 2 (10 mi 2 in the Coastal Plain and 15 mi 2 in the Piedmont). Then:
1. Assume the basin to lie wholly in each province and compute 059 for the total basin drainage area in each province.
2. Prorate Q5Q using percentage of drainage area in each province; i.e., (Q 50 Piedmont X 15/25) + (p 50 Coastal Plain X 10/25) Piedmont, Coastal Plain.
SUMMARY AND CONCLUSIONS
The knowledge of floods on small streams and the art of flood predictions on ungaged streams are such that engineering judgment still plays an important role in the determination of a design flood.
However, the eouations presented in this report provide a method that can be used to compute the discharge for floods of selected recurrence intervals on nonregulated rural streams in South Carolina.
The user will be required to exercise judgment when applying the equations, which are applicable only to those streams whose watershed characteristics are within the ranae of those listed in tables 1 and 2 -For each physiographic province.
Generally, this range of application is for drainage areas from 1 to 500 mi 2 .
